Abstract-This paper presents we presents a development of the structure of the pinned photodiode terahertz rectifier, in which the metal whisker of the antenna is separated from the semiconductor by a silane oxide layer, in order to reduce the surface defectiveness.
I. RESULTS
The proposed detector architecture is placed on the backend of the silicon wafer hosting a CMOS IS and represents a combination of an antenna with a nanometric metallic whisker positioned underneath and connecting the antenna to the rectifying device, as shown in Fig. 1 
(a).
A dedicated high performance 3D antenna for THz frequencies fabricated by means of CMOS compatible MEMS technology controlled metal layer release [5] was designed and characterized.
The antenna is realized on the top the back-end inter-metal dielectric (IMD) stack of a silicon CMOS wafer containing the IS readout electronics and the rectifying device, and is connected to the latter by means of the bounding pad and a thin metallic whisker crossing the IMD layer, as shown Fig. 1  (b) . The structure of the metal whisker is reported in Fig. 2 . The rectifying device adopted in the new structure, wasoptimized from the point of view of the injection of electrons noise in to the SW. The presence of a metal in contact with the silicon surface, beside the SW, indeed introduces a large density of defects, which, extending very close to the storage well, may inject randomly electrons, by thermal generation or by crossing of the barrier by hopping.
A layer of SiOx, 70Å thick, was interposed between the metal and the semiconductor. This material passivates the defects at the semiconductor interface, nevertheless it reduced thickness allows penetration of electric field from the antenna. Also the conduction of the rectified current is maintained, by hopping between the defects of the SiOx layer. Voltage (V) Fig. 3 . I-V measurements at the RF contact and p+ layer connected to ground on a test structure composed as metal/SiOx/P+silicon Fig. 3 reports I-V measurements between the whisker contact and p+-Si layer. The test area was a 0.09mm2 dot and results were scaled at the dimension of 100x100nm, the dimension of the whisker base. This measurements shows that the presence of a SiOx buffer limits the inverse current, maintaining the rectifying capability unaltered. From measured current of Fig. 3 , we can evaluate a reverse current lower than 2 electron/s at a forward bias voltage of 100mV (that is an evaluated ceiling value of forward bias which can be reached by the SW completely emptied of electrons).
The structure was tested at 1, 20, and 35GHz.
RF measurement setup, Agilent E8363B Vector Network Analyzer, was used to measure the input scattering parameter and to apply the RF power to the test structure. At each measurement the RF power was maintained constant and changed step by step along the test. Fig. 4 reports the rectified current measured by picoammeter versus the RF power applied to the signal pad. As an estimate of the average dark current we adopted the value of 6 electron/s at room temperature measure from the SW.
II. NEP EVALUATION
A linear approximation of curves in Fig. 4 was used to evaluate the detector efficiency. Skipping the saturation regime at higher currents, in the low power regime we approximate as linear the relationship between the RF power expressed in dBm, and ten times the logarithm of the current, I dBA , as given by
where P dBm,0 , I dBA,0 , and the coefficient k were calculated from geometrical regression of measured data. From the measurement at 1-20-35 GHz we obtained for the three curves a value around k=1.18. We followed the NEP evaluation procedure presented in [2] . Numerical simulations of the semiconductor device, performed by means of Synopsis Sentaurus TCAD, showed that the rectification process, experimentally verified, is also effective up to 1THz. One pole behavior, with a cut-off frequency of 120GHz, was identified. We obtained:
(1 ) 15.5 / NEP THz pW Hz = (2) III. FINAL ABSTRACT In this paper a new CMOS compatible direct conversion THz radiation detector operating at room-temperature is presented and experimentally evaluated. We demonstrate that a layer of SiOx, 70Å thick, interposed between the metal and the semiconductor, which passivates the defects at the semiconductor, does not degrade the detection capability. The rectifier still shows a very high nonlinearity, and gives rise to charge injection into the storage well. Overall performances in terms of noise equivalent power were evaluated by on-wafer RF measurements.
